Polycrystalline PrCuMn 6 O 12 sample has been successfully synthesized. It has been characterized by x-ray diffraction ͑XRD͒, magnetic and magnetotransport measurements at ambient pressure, and transport property measurements under pressures. From the refinements of XRD data, a cubic phase and a trigonal phase with charge ordering state were identified at higher and lower temperatures, respectively. The temperature dependence of the resistance indicates that the phase transition is a first-order transition. Both effective paramagnetic moments of the trigonal and cubic phases can be explained by orbital moment freezing theory. The transport property of the trigonal phase has been fitted with Mott's law for variable range hopping. Though the magnetoresistance value is not large, the pressure-induced resistance value change of PrCuMn 6 O 12 is positive and achieves 264.8%. The cubic phase is suppressed under pressure and transformed to the trigonal phase at 15 kbar, indicating favor of the charge ordering state under pressure.
I. INTRODUCTION
Recently, a great deal of attention has been attracted to colossal magnetoresistance ͑CMR͒ materials not only for their potential applications in magnetic sensor, read head, and information storage but also for their abundant electronic and magnetic properties and correlation between them. Most of these materials are Ln 1−x B x MnO 3 with perovskite structure where Ln is rare earth element and B is alkaline earth element. The CMR effect in this kind of material can be mainly explained by double-exchange ͑DE͒ mechanism, 1 which enhances electron transfer and results in sharp decrease in resistivity around T C . With in-depth study, many mechanisms were proposed to explain abundant phenomena of CMR materials, such as Jahn-Teller effect, 2 charge ordering, 3 orbital ordering, 4 and phase speparation. 5 Many efforts in searching for new CMR materials have been carried out and room temperature CMR materials have been studied in detail, such as double-perovskite structure Sr 2 FeMoO 6 ͑Ref. 6͒ and pyrochlore structure Tl 2 Mn 2 O 7 . 7 Both of them exhibit intrinsic tunneling-type MR without DE. The CMR effect was also observed in complex perovskite CaCu x Mn 7−x O 12 compounds, [8] [9] [10] [11] whose MR effect comes from spin polarized intergrain tunneling and the MR shows large value at low fields and smoothly increases with decreasing temperature. M18AHF diffractometer with Cu K␣ in the range 15°Ͻ 2 Ͻ 135°by increment 0.02 ͑2͒. The XRD patterns recorded at 300, 267, and 120 K were analyzed by the Rietveld method using the program FULLPROF. 20 Temperature dependence of resistance and magnetization were measured using a Mag Laboratory System ͑2000 Oxford U.K.͒. Clamp-type piston cylinder cell was used to measure temperature dependence of resistance at different hydrostatic pressures. Resistance was measured with the standard four-probe technique. Electrical contacts were established using silver paint. The sample temperature was monitored with aluminonickel and chromel thermocouple placed near the sample and a mixture of silicone oil and kerosene͑1:1͒ was used as a pressuretransmitting medium. All the pressure values quoted in this paper were measured at room temperature.
III. RESULTS AND DISCUSSION

A. Crystal structures
The structure of the synthesized compound was characterized by XRD measurement. A single-phase cubic perovskite was identified, as illustrated in Three enlarged diffraction peaks at different temperatures are shown in Fig. 2͑b͒-2͑d͒ . It can be distinctly observed from Fig. 1͑b͒ that the intensity of the peak ͑220͒ of the PrCuMn 6 O 12 reduces and its peak width broadens with decreasing temperature. From 300 to 120 K, a shoulder peak appears gradually at the right of the peak ͑422͒ in Fig. 1͑c͒ , and the peak ͑440͒ splits in Fig. 1͑d͒ . No change was observed in the diffraction peaks of the Mn 2 O 3 with decreasing temperature. These changes in diffraction peaks suggest that there is a crystalline phase transition occurring at about 267 K.
The XRD pattern recorded at 120 K was refined using the room temperature structure model of CaMn 7 O 12 ͑Ref. 14͒ with the space group of R-3 and the results are shown in Fig. 1͑e͒ . The refined parameters are presented in Table II 
B. Magnetic property and electrical property
The temperature dependence of the magnetization of PrCuMn 6 O 12 is shown in Fig. 2͑a͒ . The divergence between the zero field curve ͑ZFC͒ and field curve ͑FC͒ at low temperatures and a broad maximum around 50 K in M ZFC indicate that there is a freezing in magnetic moments at low temperatures and a magnetic relaxation under field cooling, suggesting a cluster glass state at low temperatures. The hysterisis curve at 5 K is inserted in Fig. 2͑a͒ and the coercivity ͑H C ͒ is 760 Oe. The saturation magnetization is 18.62 B / mol, which is larger than that of CaCu 3 Mn 4 O 12 9 B / mol. 9 The reason is that further increase of Cu content leads to the decrease of spontaneous magnetization.
9 Figure  2͑b͒ shows the temperature dependence of 1 / and the inset is the magnetization versus temperature curve. It is clear that there is a step around the phase-transition temperature 267 K. Both cubic and trigonal phases at high temperature are paramagnetic, and their susceptibilities at high-temperatures obey the Curie-Weiss law. Fitting of the data to the equation son that theoretical value is slightly higher than the experimental values is the g Ͻ 2 for Mn ions resulting from frozen orbital moments partially. With the changing of the crystal structure symmetry from the cubic to the trigonal and the occurring of the distortion of the octahedra, the orbital moment freezes further, then the g cubic Ͻ g trigonal Ͻ 2. So it is reasonable that the effective paramagnetic moment value for the trigonal phase is slightly larger than that for the cubic phase.
In Fig. 3͑a͒ , we show the log͑R͒ versus T curve of PrCuMn 6 O 12 . There is a distinct increase in resistance around T co 267 K. The data are fitted with log͑R͒ ϰ ͑1 / T͒ 1/2 for the trigonal phase ͓the inset of Fig. 3͑a͔͒ , which accord with variable range hopping law with a small gap appearing at E F ͑Fermi level͒. 23 In addition, there is a hysteresis loop in the resistance curve around T CO as shown in Fig. 3͑b͒ , indicating the first-order structural transition from the cubic to the trigonal phase. Figure 4͑a͒ presents the log͑R͒ versus T curves of PrCuMn 6 O 12 at 0 T and 7 T field, respectively. Different from the case in Pr 1−x Ca x MnO 3 ͑Ref. 24͒ and Nd 0.5 Sr 0.5 MnO 3 , 25 application of an external magnetic field does not destroy the charge ordering state and doesn't affect T CO very much. In the inset of Fig. 4͑a͒ , the cusps of MR at T CO originate from the phase transition. The difference of MR values between 1 and 7 T for the cubic phase is smaller than that for the trigonal phase, which means that the MR of the cubic phase is easily saturated under field. The maximum of MR is 24% at 150 K at 7 T. Figure 4͑b͒ shows the temperature dependence of resistance curves at different pressures. The enlarged details around the critical temperature T CO are shown in the inset. It is the same as the transport property of CaCuMn 6 O 12 under pressure 26 that the resistivity increases gradually with pres- sure at both the cubic and the trigonal phases. The increment of resistivity for the cubic phase is larger than that for the trigonal phase. From the inset of Fig. 4͑b͒ the distinct phasetransition temperature increases and is illegible under pressures, and finally disappears at 15 kbar, indicating that the cubic phase turns into the trigonal phase under pressure. In this case, distorted Mn 3+ O 6 octahedra substitute for the regular ones under pressure. PR is defined as PR= ͓͑P͒ − ͑0͔͒ / ͑0͒, where ͑P͒ and ͑0͒ denote resistivities at pressure P and ambient pressure, respectively. Figure 5 represents PR versus temperature at different pressures. In most CMR materials, the pressure and magnetic field have similar effects, and both MR and PR are negative. In PrCuMn 6 O 12 , the MR is negative, while PR is positive. The value of PR is positive and there are maximums at the transition temperature T CO . The maximum value of PR is 264.8% at 20 kbar. Even about 50 K, the PR is about 60% at 20 kbar, which is larger than the maximum MR 24% at 7 T. The effect of magnetic field of 6 T is almost equivalent to that of pressure of 1 GPa in Pr 0.3 Ca 0.7 MnO 3 , 27 while the pressure influences more strongly than the magnetic field in PrCuMn 6 O 12 .
C. Pressure effects on electrical property
IV. CONCLUSIONS
PrCuMn 6 O 12 polycrystalline sample was successively synthesized. With decreasing temperature, PrCuMn 6 O 12 takes place a phase transition from a cubic phase to a trigonal phase at about 267 K accompanying a charge ordering state. The cubic phase is a paramagnetic insulator while the trigonal phase is a cluster glass and the transport property fits Mott's law for variable range hopping. Though the phase transition is influenced slightly under magnetic fields, the cubic phase turns into the trigonal phase at 15 kbar, indicating the pressure suppresses the cubic phase and favors the trigonal phase with charge ordering.
